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Summary.-Changes of breast-cancer (BC) mortality for all women in England and
Wales between 1911 and 1975, and for the social-class gradient during the 1950s, were
not related to changes in child-bearing. The changes in BC mortality for all women
were associated with changes in consumption of fat, sugar and animal protein 1-2
decades earlier. A decline in mortality around 1935 was not obviously related to
changes in fat or sugar, but dietary data were sparse. The social-class gradient of
BC mortality almost disappeared during the 1950s; rates declined for the upper
classes but increased for the lower. These opposite changes could have resulted from
the opposite changes in diets of the upper and lower classes which occurred in the
early 1940s.
In contrast, the geographical variation of BC mortality within the United Kingdom,
by region or by urban-rural aggregate area, was closely correlated with child-
bearing but poorly correlated with diet. The poor correlation with diet might be a
consequence of the small range of variation of diet between regions of the United
Kingdom. The regional gradient of BC mortality was low in 1961, a decade after the
period of food rationing when regional variation in diet would have been reduced.
This suggested that diet did contribute to the regional variation of BC mortality
within the United Kingdom, perhaps jointly with contributions from child-bearing.
THE VARIATION of breast-cancer (BC)
mortality between countries appeared to
arise predominantly from differences in
diet, the contribution from the variation
in child-bearing being small (Hems, 1,978).
Considering only the main items of diet,
BC mortality rates of different countries
were positively correlated with fat (Lea,
1966; Carroll, 1975) animal protein (Drasar
& Irving, 1973) and sugar (Hems, 1970).
From partial correlation analysis (Hems,
1978) it was not possible to say whether or
not the associations with fat and animal
protein were independent of one another.
The association of BC mortality with
sugar appeared to be independent of the
other main components of diet.
In the present study several gradients
of BC mortality (by time, social class,
region and urban-rural area) in the United
Kingdom were analysed in the hope that
they might show whether BC mortality
rates depended on fat or animal protein.
At first sight, the results described below
were inconsistent. The best explanation
seemed to be that changes ofBC mortality
with time depended on different factors
from those which determined the geo-
graphical variation.
MATERIALS AND METHODS
Breast cancer mortality rates-.Rates for all
women in England and Wales, published
annually by the Registrar General, were
compiled by Case & Pearson (1957) and Case
et al. (1968) as mean age-specific rates for
5-year intervals from.J911-15 to 1961-65.
Mean rates for the periods 1966-70 and
1971-75 were calculated from annual reports
of the Registrar General (RG, 1967-74) and
the Office ofPopulationCensuses and Surveys
(OPCS, 1976-77). For changes with time,G. HEMS
mortality was expressed as a standardized
mortality ratio (SMR) relative to the BC
mortality ofall women in England and Wales
aged 36-64 years during the 5-year period
1961-65. Mortality rates at younger ages
were not included because they show a
different dependence on child-bearing from
rates at older ages. Rates at 65 years and
older were not included because certification
was likely to be less satisfactory.
BC mortality rates by social class were
available for single and married women for
periods 1930-32 (Census, 1938), 1949-53
(RG, 1958), 1959-63 (RG, 1968) and 1970-72
(OPCS, 1978). Mortality for each class during
each period was expressed as an SMR, as
above. For single women, the numbers with
breast cancer in Social Classes I and V were
very small and conclusions were based on
data for Classes II, III and IV. Social-class
differences in BC mortality for single women
were not analysed for the period 1930-32,
because since then the proportion of single
women in employment had changed con-
siderably, as well as their social-class dis-
tributions.
BC mortality rates for women aged 45-64
years were available by region and urban-
rural area for the periods 1950-52 (RG, 1958),
1959-63 (RG, 1968) and 1970-72 (RG,
1972-74). Rates were available for 10 regions
in 1950-52 and in 1959-63 but, because of
boundary changes, only 8 regions in 1970-72
were comparable with those for previous
years. BC mortality rates for Scotland in the
periods 1950-52, 1959-63 and 1970-72 were
calculated from the relevant annual reports
for Scotland (Registrar General for Scotland,
1952-55, 1961-65 and 1972-74).
Child-bearing.-Measures of child-bearing,
which were found, in clinical studies, to be
related to BC risk (see MacMahon et al., 1973)
were obtained from the Registrar General's
reports and census publications. Particular
references will be given in the Results section.
Risks of breast cancer for women of differ-
ent parity or age at marriage, relative to a
value of unity for single women, were
determined in a clinical study of women in
Wales by Lowe & MacMahon (1970). Mean
relative risks of breast cancer for regions,
urban-rural aggregate areas and social
classes were computed by weighting these
risk factors by the proportions ofthe popula-
tion with each parity or age at marriage,
available for women aged 45-49 years in 1951
for England and Wales (General Register
Office, 1959) and for Scotland (General
Registry Office, 1956).
Diet.-Annual estimates of diet in the
U.K., determined by direct survey, have
been published since 1950 (National Food
Survey Committee, 1952-). These reports
give detailed information on the variation of
diet with time, by region and urban-rural
area, by income group and, for three years
1956-58, bysocial class based onthe Registrar
General's Occupational Classification (Nation-
al Food Survey Committee, 1958-60). Data
on diet before 1950, obtained in occasional
surveys for the United Kingdom and for
different income groups, have been collated
by Greaves & Hollingsworth (1966).
RESULTS
Changes with time
Breast-cancer mortalityfor all women and
single women.-Child-bearing: There was
good evidence that changes in BC mor-
tality during the interval 1911-15 to
1971-75 were not related to changes in
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Fia. 1.-Change of BC mortality (10-5 p.a.,
60-64 years) and measures of child-bearing
(see text) by year of birth.
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child-bearing. The following measures of
child-bearing, found in clinical studies to
be associated with BC mortality, were
compared with BC mortality subsequently
observed at age 60-64 years by plotting
(Fig. 1) against year of birth:
(1) mean ultimate family size assuming
marriage at 25 years and child-bearing
completed at 45 years (RG, 1961);
(2) birth rate at 20-24 years (RG, 1947);
(3) proportion married at 20-24 years and
at 40-44 years (RG, 1947).
The associations between the time-
trends of BC mortality and child-bearing,
expressed as zero-order correlation co-
efficients (Table I), were negligible except
TABLE 1.-Associations (zero-order correla-
tion coefficients) for tinme-trends of breast-
cancer mortality with child-bearing and
diet
Child-bearing (see text and Fig. 1)
Ultimate family size
Birth-rate at 20-24 years
Proportion married at 20-24 years
Proportion married at 40-44 years
Diet (Fig. 2)
Fat: contemporary intake
intake 1 decade earlier
intake 2 decades earlier
Sugar: contemporary intake
intake 1 decade earlier
intake 2 decades earlier
n
9
7
5
6
8
8
6
8
8
6
r
0.0
0-1
0-1
0 7
04
0-6
0-1
03
0-8
0-1
for the trend of the proportion married
at 40-44 years. This positive association
was inconsistent with the negative associa-
tion expected on the basis of clinical
studies, and was regarded as spurious.
Diet: Time-trends of BC mortality
(SMR, all women aged 35-64 years) and
consumptions of fat, sugar and animal
protein were compared (Fig. 2). Estimates
of consumption before 1962 were prepared
by Greaves & Hollingsworth (1966) and
data after 1962 were from annual reports
of the National Food Survey Committee
(1963-76).
Associations between BC mortality rates
and the contemporary diet, and also diet
1 and 2 decades earlier were expressed as
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FIG. 2. Change with time of BC mortality
(SMR 35-64 years) for married and single
women of England and Wales, and fat,
animal protein and sugar in the diet (g/d)
from 1911-15 to 1971-75.
zero-order correlation coefficients (Table
I). For fat and sugar the coefficients were
highest for diet 1 decade before the BC
mortality (Table I). The span of data on
the time-trend of consumption of animal
protein was too small to justify calculating
correlation coefficients. It can be seen from
Fig. 2 that the increase in BC mortality
around 1960 occurred 1-2 decades after
increased consumption ofall 3 components
ofdiet. The decline in BC mortality during
the 1930s (Fig. 2) was too early to be a
result ofdecreased consumption offat and
sugar with the onset of rationing in 1940.
Estimates of consumption of animal pro-
tein before 1935 were not available.
Single women: BC mortality (SMR) for
single women showed the same changewith
time as for married women, especially the
steep rise between 1961 and 1971 (Fig. 2),
supporting the view that the cause was
other than a change in child-bearing. Data
on the diet of single women were not
available, but whilst their mean diet may
differ from that for married women it was
likely that dietary trends would be similar
for both groups.
Social-class gradient of BC mortality.-
Aswill be shown below, the marked decline
in the social-class gradient ofBC mortality
during the 1950s did not appear to arise
from changes in child-bearing. The decline
could be a result of changes in diet, as
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(Innes, 1938). The ratios of reciprocals of
1931 total births for women aged 60 years in
1971 1951 and 1961 declined only slightly (2.0
to 1.9) for classes (professional:labouring)
951 and remained unchanged at 193 for area
(I :V). These trends did not correspond
with the changes in ratios of BC mortality
rates described above.
The conclusion that the change in the
social-class gradient of BC mortality was
1961 not related to changes in child-bearing was
strongly supported when gradients of
mortality in 1.951 and 1961 were compared
for women of the same cohort. For women
aged 45-54 years in 1951 the social-class
gradient of BC mortality, expressed as a
ratio (Census, 1958) was 15 (I:V) and
70 X X
V IV Ill 11 I
Social Class
FiG. 3. Social-class gra(licAt of BC mortality
arotin(l 1931, 1951, 1961 an(l 1971 for
marrie(li women. Eac point is an SAIR
relative to BC mortality for all Nvomeni age(c
35 a64 ars (Iiri-g 1961 -65.
explainedl below, but a definite conclusion
was prevented by insufficienit dietary data.
Breast cancer: BC mortality for married
women in each social class around 1931,
1951, 1961 and 1971 was expressed as an
SMR relative to all women aged 35-64
years during 1961-65. Mortality in 1951
showed essentially the same gradient as in
1931], an(1 was the same in 1971 as in 1961
(Fig. 3). The marked change occurred
during the l950s, when the social-class
gradient virtually disappeared (Fig. 3).
The gradient, expressed as the ratio of
SMRs for the extreme classes (I:V)
declined from 1P6 in 1951 to 191 in 1961.
For Classes II and IV the ratio (IJ:IV)
declined from 1*3 to 11.
Child-bearing: The only available data
on time trends of child-bearing by social
class were births per woman in professional
and labouring occupational classes (Glass
& Grebenik, 1954) and mean birth-rates for
aggregates of London boroughs with high
(Area I) and low (Area V) rateable values
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1.3 (II:IV). In 1961 the same women
were aged 55-64 years and the correspond-
ing ratios of BC mortality (Registrar
General, 1968) had declined to 1 04 and
1 08 respectively.
Diet: Two major changes in diet pre-
ceding the loss during the 1950s of the
social-class gradient of BC mortality were
the onset of food rationing around 1940
and its abolition arouiid 1950. The aboli-
tion of food rationing produced (National
Food Survey Comrittee, 1951-) the
same changes (Fig. 4) in consumption of
fat, sugar and animal protein in the upper
income group (A) as in the lowest income
group D (designated DI after 1953, when
only families with at least one earner were
included). These similar changes in diet
could not have produced the opposite
changes in BC mortality of the upper and
lower classes observed during the 1950s
(Fig. 3).
The limited data available on the social-
class distribution of diet before and
after the onset of rationing indicated
(National Food Survey Committee, 1956;
Baines et al., 1963) that opposite changes
occurred for the lower and upper classes.
Food rationing reduced consumption by
the upper classes, but improved wages
and employment at the beginning of the
war resulted in increased consumption of
food by the lower classes. Consumption of
butter, meat and eggs increased for the
lower classes but declined for the upper
classes. Consumption of milk increased for
both classes, but the increase, as a per-
centage of pre-war consumption, was
by almost an order of magnitude greater
for the lower classes than for the upper.
While data were limited to a few com-
modities they suggested that changes in
consumptions of fat and animal protein
could have been opposite for the upper and
lower classes.
Single women: Expressing the social-
class gradient of BC mortality as the ratio
of SMRs for Social Class II to that of IV,
the gradient for single women declined
from 1.3 in 1951 to 1-1 in 1961 (Fig. 5),
the same as the change for marrie(d women
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l'1(1. 5. Social-class gra(lient of BC mortality
(SMR, see Fig. 3) arouin(1 1951, 1961 an(d
1971 for single women.
(Fig. 3). This further supported the view
that the change in the social-class gradient
of BC mortality arose from factors other
than child-bearing. The extreme classes
I and V did not show the same change with
time for single women (Fig. 5) as for
married women (Fig. 3), but the sizes of
these classes were very small for single
women making rates unreliable.
Regional variation in the United Kingdom
BC mortality rates (age 45-64 years)
for regions of the United Kingdom (see
Methods and Materials) were available for
the periods 1951, 1961 and 1971.
Child-bearing: Meanfamilysizes foreach
region were calculated for women aged
45-49 years in 1951 (General Register
Office, 1958). The reciprocals of these
family sizes were positively correlated
witlh BC mortality rates (45-64 years) in
1961 (Table II). Mean risks of breast
cancer for each region were computed (see
Materials and Methods) from the distribu-
tions of age at marriage for women aged
45-49 years in 1951 (General Register
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TABLE II.-Zero-order correlation coeffi-
cients for breast-cancer (BC) mortality
at age 45-64 years in 1959-63 (11 regions)
and 1970-72 (9 regions) with diet in
1960-62andchild-bearingforwomenaged
45-49 years in 1951
Variable
Child-bearing (45-49 years
Family size (reciprocal)
Age at marriage
Diet (1960-1962)
Total fat
Animal protein
Sugar
r for BC
mortality at:
r A
1959-63 1970-72
;in 1951)
0-8*
(0.6) -
0.1 0-2
0.9* (0.6)
03 (0.6)
* P <0.05.
( ) Borderline significance at 5% level.
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Office, 1958). The correlation of these
computed risks with observed mortality
rates for women aged 45-64 years in 1961
was significant at only the 10% level
(Table II). The regression of computed
risk on observed mortality was only 0-2
when both variables were expressed as
proportions of the respective means for
the whole population. This suggested a
contribution to the regional variation of
BC mortality in addition to that from
child-bearing.
Diet: The regional variation (9 regions)
of BC mortality rates at 45-64 years in
1970-72 was not closely correlated with
diet a decade earlier (in 1960-62, Table II).
This suggested that diet did not contribute
to the regional variation of BC mortality,
but the conclusion needed to be qualified
for two reasons.
First, the variation of diet between
regions was small and very much less than
between countries. Considering fat con-
sumption as an example the range for the
28 countries (see Hems, 1978) shown in
Fig. 6 was 120 g/day but only 12 g/day
between regions (Fig. 6). The sample of 28
countries gave a correlation between BC
mortality and fat of 0 75, but for a sample
of 11 countries with a standard deviation
of fat consumption equal to that for the
11 regions (3 9 g/day) the expected correla-
FIG. 6. Comparison of the variation of BC
mortality with fat consumption for different
countries (see text) and regions of the
United Kingdom.
tion would be only 0-2. The value of the
correlation coefficient (0.2, Table II) for
regions did not definitely conflict, there-
fore, with the high value observed for the
variation between countries.
Second, when regional gradients of BC
mortality at different timeswere compared
(Fig. 7) the gradient in 1961 was 0-72
lower (P-0.1), and in 1971 1-15 higher
(P> 0.5) than in 1951. The lower gradient
for 1961 occurred 1 to 2 decades after a
period offood rationing, when the regional
variation ofdiet would have been reduced.
These changes in the gradients are what
would be expected if diet contributed to
theregional variation ofBC.
Urban-rural areas: The data described
above as means for regions were also
available in recombined form as means for
6 aggregate areas, rural, semi-rural, small
urban, large urban, provincial conurba-
tions and the London conurbation. As
would be expected, analysis of data for
these aggregate areas gave similar results
to the data for regions. The reciprocal of
mean family size for women aged 45-49
years in 1951 was closely correlated (n= 6,
- -
434BREAST CANCER, CHILD-BEARING AND DIET IN THE UK
0
Bor
uo
I70
(0
0
n
60
L.)
.
A
e*v / 1951
AO//
/ A/
'*f
50 60 70
1951 - Breast Cancer Mortality (10-5 p.a.) (45-64 yr)
FIG. 7. Regional variation of BC mortality
in the United Kingdom around 1961 aind
1971, plotted against rates in 1951. The
(lashed line gives 1951 values. Solid lines
are linear regressions.
r = 0 9) with BC mortality at 45-64 years
in 1961, whilst computed risk by age at
marriage gave a weaker correlation (r =
0.6) and a regression on observed mortality
rate of only 0X2.
Food consumption is generally higher,
per capita, in rural areas than in urban
(National Food Survey Committee, 1952-).
Thus the low rates ofBC mortality in rural
areas conflicted with the view that it
depended simply upon consumptions of
fat and sugar, which are highest in rural
areas. For animal protein on the other
hand, consumption was greater in the
London conurbation and so could have
contributed to the higher rate ofBC there.
31
DISCUSSION
Thegenerally weak associations between
BC mortality and diet, observed between
regions of the United Kingdom, conflicted
with the strong associations observed
between countries. The conflict could be
explained in two ways. First, it could have
arisen because the observed value of an
association is limited by the range of the
dependent variable. The range of diet was
large between countries but small between
regions, corresponding with the observed
correlation coefficients. In the United
States the regional variation of cancer of
the colon was not related to fat consump-
tion (Enstrom, 1975) in contrast to the
variation between countries. It is interest-
ing to speculate that this also may be an
example of the relative importance of
causes of a disease being different within
a country as compared with between
countries.
An objection to the above explanation
is that errors between regions would be
very much smaller than between countries
because of greater homogeneity within a
country of diagnosis, treatment and certi-
fication. A second explanation, supported
by changes in the regional gradients of
BC mortality, was that both diet and child-
bearing contributed to the regional varia-
tion. Ifthis were so, data for regions would
need to be analysed in some way which
allowed for the joint contributions of diet
and child-bearing. Unfortunately thenum-
ber of regions was too small to justify
calculating partial correlation coefficients.
For urban-rural aggregate areas, animal
protein was the only component of diet
correlated with BC mortality. The idea
that variation in consumption of animal
protein could, alone, explain the geo-
graphical variation ofBCmortalitywasnot
supported by data for Denmark. Breast-
cancer rates were lower in rural areas
(Clemmesen, 1965, 1969) but consumption
of animal protein, as well as of other com-
ponents of diet, was higher in rural areas
(Tekniske, 1965-). Urban-rural differences
in child-bearing were much greater in
Denmark (Matthiessen, 1970) than in the
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United Kingdom, and could have masked
any effect of the higher consumption of
animal protein in rural areas of Denmark.
Changes ofBC mortality rateswithtime,
for all women as well as by social class,
were not related to changes in child-bear-
ing. The increase in BC mortality, which
began around 1961, occurred 1-2 decades
after the increase in consumption of fat,
animal protein and sugar in the 1940s.
Data on changes in consumption of fat
and sugar before 1935 were too sparse to
decide whether they could have produced
the decline in BC mortality in 1935. Data
on consumption of animal protein before
1935 were not available. The view that
the decline in the social-class gradient of
BC mortality during the 1950s arose from
the opposite changes of diet of the upper
and lower classes around 1940, because of
changed conditions of the war, would be
consistent with a latent period of 1-2
decades.
The association of BC risk with marital
status and child-bearing has long been
recognized. No attention has been paid to
the fact that family size itself affects diet.
Greaves & Hollingsworth (1966) concluded
that ". . . the size of a family has a greater
effect on its diet than income, occupation,
locality or any other influencing factor".
Consumptions of fat and sugar, expressed
as per capita amounts, decreased with
largerfamily size (Baines etal., 1963).Total
protein, expressed as a proportion of
allowances, and the proportion of protein
from animal sources, decreasedwithfamily
size (Baines et al., 1963) so that the
adequacy of animal protein would have
decreased also. These differences of diet
with family size persisted from age
(housewife) 20 years until at least 49 years,
the oldest age which had been compared
(National Food Survey Committee, 1961).
Diets of single women could differ sig-
nificantly from diets for married women,
because even though their earnings have
tended to be lower than for men their
expenses are low. Data comparing diets
by marital status are not available, but in
a study of nunneries in The Netherlands
the proportion ofcalories from fat, and also
the proportion of protein from animal
sources, were above the recommended
level (Klaarbergen & Kosten-Zoethout,
1965). The statistical association between
breast-cancer risk and child bearing could
arise, at least in part, from diet rather
than a physiological effect of pregnancy.
The author gratefully acknowledges the skilled
technical assistance of Mrs Christine Roy and Mrs
Patricia Barron, Department of Statistics, Univer-
sity of Aberdeen.
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